Previous research has suggested that the normal development of communicative functions proceeds from the directing or "instrumental" types to the informative or "heuristic" types with age. This paper describes a cross-sectional study of communicative function in children with profound hearing loss and children with normal hearing, from ages 12-54 months. The children with hearing loss were learning spoken English as their primary means of communication. The primary purpose of the study was to evaluate whether the pattern of age differences seen in the two groups of children (those with and without normal hearing) are similar patterns that occur at differing chronological ages, or whether they are dissimilar patterns altogether. A second purpose was to examine the relationship between the use of informative/heuristic functions and the acquisition of vocabulary and syntax. The data suggested a somewhat different pattern of communicative function development in children with and without hearing loss. In addition, the use of language for social purposes was closely related to the achievement of traditional language milestones. In both normally hearing children and in those with hearing loss, the correlations between the use of informative-heuristic functions and various measures of language development indicated that the more mature uses of language co-occur with increased frequency of communication, larger vocabulary, and longer utterance length. These results document that when linguistic improvements such as increasing vocabulary size and sentence length occur in deaf children learning spoken English, they are used for appropriate and informative social purposes that are commensurate with their language age.
O ne sign of increasing maturity of language use in children is the expression of an ever-larger variety of communicative functions. Directing behavior, protesting, making statements, calling attention, and providing and receiving information are examples of the ways in which humans use their communicative faculties to get along in the world. Several researchers have observed or implied that the normal development of communicative functions proceeds from the directing or "instrumental" types to the informational or "heuristic" types (Halliday, 1979; Carpenter, Mastergeorge, & Coggins, 1983; Olswang, Stoel-Gammon, Coggins, & Carpenter, 1987) . A child's use of language to achieve a variety of social purposes is also an expectation that is reflected in some of the newer clinical language assessment instruments (Wetherby & Prizant, 1993) .
Researchers and clinicians who work with children who have significant hearing impairments have reported differing results upon the examination of the communicative functions expressed by those children. The earliest studies reported finding that children with hearing losses were capable of producing the same communicative function types as normally hearing children (Curtiss, Prutting, & Lowell, 1979; Skarakis & Prutting, 1977; Kricos & Angst, 1984; Greenberg, 1980) . More recent studies have reported some differences between the type or pattern of communicative functions expressed by these children and that of normally hearing children of the same chronological age (Nicholas & Geers, 1997) and with children of similar verbal language-age (Nicholas, Geers, & Kozak, 1994) . Children with hearing losses exhibited a specific deficit in the expression of communicative functions that serve purposes that are beyond the instrumental, the directive, or the controlling of another person's behavior. The later-appearing functions, here called the informative-heuristic functions, tended to be used infrequently in deaf children at the chronological age at which they might be expected to be used (Day, 1986; Pien, 1984) . Yoshinaga-Itano (1992) found that (nonverbal) requests for information, which would be considered an informative-heuristic function, was the communicative function most strongly related to the achievement of verbal communication in the young deaf and hard of hearing children in her study. In fact, she found this to be such an important predictor of successful transition to more mature communication that she noted spontaneous requests for information may reflect the child's internal motivation and desire to acquire information from the environment…. Nonverbal requests for information, as a spontaneous language skill, may in fact be that skill which determines whether or not the child will develop age appropriate language skills. (p. 124) There does seem to be a consensus in recent work, then, that informative-heuristic functions are later appearing in children with hearing losses and may be useful indicators of current maturity in language use and perhaps important predictors of language outcome.
At age 36 months, normally hearing children spend the largest proportion of their time in conversation engaged in making statements, asking questions, and giving answers. Children with hearing losses who are learning spoken language, and who are of the same chronological age, spend the largest proportion of their time (in an identical conversational setting) making directives and performing imitations (Nicholas & Geers, 1997) . There are plausible reasons why children with hearing losses may express these functions in a larger proportion than other functions. For example, it has been reported that mothers of children with a disability use, and therefore model, more directive communicative acts (White & White, 1984) and fewer heuristic functions (Hyde, Elias, & Power, 1980 , as cited in Kretschmer & Kretschmer, 1989 ) than mothers of typically developing children. Imitation, too, is salient for orally trained children with hearing losses in that it is a common strategy employed when teaching them (Moog & Kozak, 1983) .
Studies have documented that many children with hearing losses do not ask questions at young ages. Nicholas and Geers (1997) observed few questions in a study of 36-month-olds who were learning spoken language. As noted above, Yoshinaga-Itano (1992) also reported that many children in her study did not make "requests for information" (the equivalent of "questions" in the Nicholas and Geers study) and that the strongest predictor of those children with hearing losses who will do poorly in overall communication development are those that fail to make requests for information, regardless of educational methodology.
It is suggested that the areas of communicative function deficit identified in Nicholas and Geers (1997) for young children with hearing losses (making statements, asking questions, and providing answers) might be referred to as functions that are informative and heuristic. They serve purposes beyond the instrumental. They are the means by which children give and get information about the world and about the thoughts and feelings of their interlocutors. Although we know that children at age 36 months who have hearing losses and who are learning spoken language do not devote as much of their communication effort to informative/heuristic functions as their normally hearing age mates, it is not known whether this atypical pattern of function use is similar to that seen in normally hearing children at younger ages. Nor has it been determined whether the atypical pattern is overcome upon the achievement of additional vocabulary or grammatical complexity.
The purpose of the present study was to evaluate whether the use of communicative functions observed in children with hearing losses who are learning spoken language reflect the same usage as that by normally developing children at younger ages or whether the children with hearing losses are putting their emerging linguistic skills-improvements in rate, vocabulary, syntax-to different uses in social situations. Specifically, age differences were examined in the emergence and use of informative/heuristic functions from 12 to 54 months of age. In addition, a relatively large number of normally hearing children were observed in order to document typical development with the same measurement techniques.
It was also of interest to examine the relationship between the use of informative/heuristic functions and the acquisition of vocabulary and syntax. It was predicted that when compared with normally hearing children, those with hearing losses would be delayed in achieving language milestones including rate of communication, breadth of vocabulary, and frequency of combining words. It was further predicted that, when children with hearing losses reach the same level in these language milestones as normally hearing children, they would be using those communicative behaviors for different social purposes.
Method Participants
Participants included 43 children with a severe-profound hearing loss (HL group) and 96 children with normal hearing (NH group) between the ages of 12 and 54 months. In the HL group, 5 or 6 children participated at each of the following ages: 12, 18, 24, 30, 36, 42, 48, and 54 months (±6 weeks) . In the NH group, 12 children participated at each of the same ages (±3 weeks). Each child was observed only once. In the NH group there was equal distribution of the two genders across each age point, and in the HL group 23 of the children were boys (though not distributed equally at each age point).
Characteristics of the Children With Hearing Loss
The average age of diagnosis of hearing loss was 11.2 months (range 0-23 months). Causes of deafness in this sample were as follows: meningitis (4), likely genetic (6), cytomegalovirus (4), ototoxicity (1), head injury (1) and unknown (27) . None of the children were known to have normal hearing beyond 15 months of age. All children were enrolled in a parent-infant program or nursery classroom with an auditory-oral instructional approach. Three of the children wore vibrotactile aids along with hearing aids. Five children had cochlear implants; of these, all had received their implant within the previous 8 months, with a mean length of use of 3.8 months at the time of the observation. All of the other children wore binaural hearing aids. All children were consistent in the use of their sensory aids. All of the children in this group had profound hearing losses with the mean better ear PTA at 103.93 (SD = 8.65; ANSI, 1969) , except for 2 children with losses in the severeprofound category (with 86 and 88 dB better ear thresholds). One of these children scored above average on most of the measures to be reported and the other scored below average. The average aided sound field threshold was 49.67 (SD = 9.30), though it should be noted that this number is not considered particularly reliable for the youngest age groups.
Forty-one of the 43 children in the hearing-impaired sample were administered the Communication Scale of the Vineland Adaptive Behavior Scale (Sparrow, Balla & Cicchetti, 1984) , with their mother or classroom teacher serving as informant. Almost all of these children exhibited substantial communication delays on this measure compared to their normally hearing age mates (average standard score = 68.63, SD= 12.82, range . Individual data on children in this group is presented in Table 1 .
Characteristics of the Normally Hearing Children
The normally hearing children were recruited through local birth records. All of these children were administered a hearing screening at 500, 1000, and 2000 Hz and were found to have hearing within normal limits. Two language screening instruments were administered to each normally hearing child. All children were administered the Communication Scale of the Vineland Adaptive Behavior Scale; all children in the 12-30-month groups were administered the Receptive-Expressive Emergent Language Test (Bzoch & League, 1991) and the Peabody Picture Vocabulary Test (Dunn & Dunn, 1981) was administered to all children in the 36-54-month age groups. A child was excluded if his/her score on both measures was more than 20 standard score points above or below the mean. This group tended to score higher on the vocabulary measure than on the communication measure although still within the average range. For purposes of comparison with the hearing loss group (described above), the mean score on the Vineland's Communication Scale was 102.34 (SD = 9.96, range 80-120).
Procedure
Communication samples were collected by videotaping each child and parent in a 30-minute play session. The session was a loosely structured time in which parent and child were provided with several boxes of toys to play with and were instructed to play naturally and with whatever toys they chose. A more complete description of the toy boxes and procedure can be found in Nicholas and Geers (1997) .
Data Preparation
All communicative behaviors on the part of the child and parent were transcribed from the videotape by a transcriber with many hours of training. A "verifier" reviewed each videotape and transcript and made any necessary corrections due to omission or error. The verifier was an experienced teacher of deaf children who was very familiar with the speech of young deaf children. The transcription followed the CHAT format of the CHILDES system (MacWhinney, 1995).
Next, each intentionally communicative act (ICA) Note. PTA = pure tone averag. SFT = sound field threshold. BHA = binaural hearing aids. CI = cochlear implant. TA = tactile aid. Unav. = unavailable. a aided SFT was unavailable; aided PTA was provided instead.
was coded for communicative function. (For what purpose was the child putting forth this particular communicative act?). This was accomplished by first identifying ICAs by means of a decision tree (see Nicholas & Geers, 1997) and then assigning to each a communicative function category. The nine communicative function categories used in this study are common to many coding schemes in this literature (e.g., Ninio, Snow, Pan, & Rollins, 1994) and are as follows: Response, Statement, Question, Directive, Imitation/Repetition, Marking, Performance, Commitment, and Evaluation. Definitions and examples of these categories appear in Appendix A. These communicative acts could be expressed through gesture, vocalization, verbalization (including sign) or any combination of these methods. Speech was not necessary to credit intentional communication or any particular communicative function.
Reliability
Because coder decisions regarding intentionality and communicative function can be difficult and sometimes unreliable, a conservative approach to this problem was employed in this study. Each videotape was first viewed by a transcriber who recorded all potentially communicative behaviors. These transcripts were then verified by a second person who inserted any elements missed on the first viewing. All counts for the linguistic measures were performed by the CLAN programs of the Child Language Data Exchange System (CHILDES; MacWhinney, 1995).
Next the coding decisions were made by two trained coders working independently, who viewed each videotape with the transcript and made two decisions. First they determined whether a transcribed behavior represented an intent on the part of the child to communicate something, thus identifying an intentionally communicative act (ICA). Once an act had been judged to be intentional the coder then categorized the function of that ICA.
Each coder was initially trained to 80% agreement with the author. All reliability statistics reported are based on a point-by-point comparison between the two coders. It should be noted that in each case Cohen's kappa was also computed and found to have a similar result.
For the "intentionality" decision (whether or not the behavior was to be considered an intentionally communicative act), the mean point-by-point agreement was 73% (SD = 16.75), which could be subdivided into the average percent agreement for the normally hearing children (83%) and for the children with hearing loss (64%). Our approach is to employ the conservative practice of including in subsequent analyses only those behaviors that both coders independently agreed constituted an intentionally communicative act. This approach reduces potential bias toward including ambiguous behaviors in the analysis. Some researchers appear not to include this step in their calculations, instead assigning communicative function to all gestural, vocal, or verbal behaviors judged by a transcriber to be intentional. Our procedure makes the intentionality decision a separate and important step in itself and puts this decision in the hands of two independent coders rather than the transcriber.
There are situations in which a communicative act can serve two (or more) functions simultaneously. This is a potential source of coder disagreement. Some researchers may choose to "double code" these acts, assigning more than one function per communicative act. As this procedure has the potential for inflating the numbers in several function categories, it was decided to allow only one function assignment per communicative act. Coders sometimes disagreed on which function they perceived to be the primary function and our practice does run the risk of substantially increasing the number of coder disagreements. This was determined to be preferable to inflation of any (or several) of the function categories.
For the communicative function decisions, the mean point-by-point agreement between coders was 67% (normally hearing children 74%, children with hearing loss 61%). Interestingly, the lower reliability for the children with hearing loss, while certainly related to age, also seemed to involve the fact that each of the age groups had one or two children whose communicative efforts were especially ineffective. In this case, the fact that the coders assigned different functions to these communicative efforts suggests that these particular children were, like very young deaf children in general, using communicative behaviors that were not fully developed.
A comparison of the communicative function profile produced by the coders in this study (i.e., the Coder A, Coder B, and Agreements Only profiles) provides compelling evidence that the overall patterns of use are consistent both across coders and when considering only that portion that are agreements. See Appendix B for a graphic depiction of these patterns. Because of the results of these comparisons, we have confidence that analyses performed on only those communicative functions that the coders agreed upon will not be biased by our methodology. (For more discussion of this procedure see Nicholas & Geers, 1999.) In Figures 4 and 5 , the communicative function disagreements are displayed as a differently shaded portion of the No Clear Function (NCF) column, clearly portraying the relative proportion of coder disagreements and agreements. 
Results

Linguistic Measures
Vocabulary and Syntax
Age differences in vocabulary size were examined by counting the number of different words used by the child in the 30-minute play session. Instances of words that were used with more than one morphological ending were counted as the same word (e.g., "car" and "cars" were counted as only one vocabulary word). The means and standard deviations for each of the age groups, separated by hearing status, is plotted in Figure 2 . As in all of the language-acquisition literature, the normally hearing children make a large gain in vocabulary between 18 and 24 months. The largest gains between the age groups of deaf children appear to occur just before 36 months and then again before 54 months and are smaller than those made by the hearing children.
As a gross measure of syntactic growth, the number of words per utterance was calculated for all children. These means are depicted in Figure 3 . Like others, it is our practice to exclude repetitions, false starts, and abandoned utterances in the calculation of this measure. Both groups show a steady increase between 18 and 36 months of age. Normally hearing children gain 2.1 words in average sentence length over that period, and the children with hearing losses gain 1.3 words over the same age span. Table 2 presents the mean proportion of ICAs in each function category for the HL and NH groups. Though there were occasional instances of children using the functions of Performance, Commitment, or Evaluation, in all cases this was less than 2% of the total number of ICAs, and therefore these categories are not listed in the table. The children in the NH group reached a fairly stable pattern by about 24 months of age. The pattern is characterized by a large proportion of ICAs in the most information-bearing categories (Statements, Responses, and Questions) and a much smaller proportion in Directives and Imitations/Repetitions. The children with hearing loss show the opposite pattern of distribution between informative and non-informative categories. Both the NH and HL groups showed a decline with age in the types of behaviors that led to a No Clear Function category assignment. These are instances in which both coders independently decide that they cannot assign a function. Figures 4 and 5 show the age differences in the pattern of frequencies of communicative function use. Each age group is shown separately, with the means for the normally hearing children presented on the left side of each graph and the means for the children with hearing loss on the right side. Note that the categories of Statement, Response, and Question become the dominant functions for the normally hearing children from the age of 30 months. As noted in the figure, the Question category, which appears to be utilized more often by deaf 54-month-olds, is inflated by one 54-month-old child that was an outlier from this group. With this child's Questions removed, the group's average falls to 0% for proportion of communicative acts in the question category.
Communicative Functions
Development With Age
One significant element of this figure is the overlay of coder disagreements on to the No Clear Function column. This is an attempt to remind the reader that other communicative acts were made, but their function was not agreed upon by the coders. This overlaid portion does not decline with age as much as the true NCF assignments that are represented by the solid black portion of the NCF column. The overlaid portion may include a substantial number of acts that would be "double codes" in some other studies.
Proportion of Informative/Heuristic Functions
A new variable was created in order to examine how often a child, or a group of children, engaged in informative or heuristic communicative functions as compared with the total number of communicative acts. The proportion of informative/heuristic functions (PIHF) was thus determined by adding together the frequency of statements, Responses, Questions, Evaluations and Commitments (yielding the total number of informative/ heuristic acts) and dividing this total by the number of communicative acts of all types. This proportion was calculated for each child and then submitted as a dependent variable to a two-way ANOVA procedure with age and hearing status as the independent variables. A main There was also a significant age by hearing status interaction [F(7, 123) = 7.93, p < .0001]. The means and standard deviations for each age group, separated by hearing status, are depicted in Figure 6 . The normally hearing children achieved a PIHF of about .80 by 36 months of age. The children with hearing loss reached a PIHF of about .40 by 48 months (a level reached by normally hearing children between 18 and 24 months). However, use of informative-heuristic functions appears to be increasing with age in the HL group. Table 3 shows the correlations among the various linguistic variables, chronological age, Vineland "communication age," and the proportion of informative-heuristic functions. For the normally hearing children, all of these variables were highly correlated with one another. Not only is the PIHF variable positively correlated with both chronological and language ages, but also with traditional measures of language development, such as rate, vocabulary, and syntax. For children with hearing loss, the correlations are slightly lower overall (probably due to the reduced range of scores). The PIHF variable, however, is highly correlated with language age, as assessed by the Vineland, validating its use as a measure of language maturity. Figure 7 is a scatter plot of the PIHF variable and relationship to language age for the deaf and normally hearing children. It should be noted when examining this plot that there are many children, both deaf (18) and normally hearing (11) that had a score of 0.00 on the PIHF variable and whose data points are overlapping. The Figure 6 . Proportion of informative-heuristic functions for different age groups and hearing status. 
*
Relationship of PIHF Variable to Various Measures of Linguistic Growth
Discussion
These data suggest that the use of language for social purposes is closely tied to the achievement of traditional language milestones. In normally hearing children, the correlations between the informative-heuristic variable (PIHF) and various measures of language development indicate that the more mature uses of language co-occur with increased frequency of communication, larger vocabulary, and longer utterance length. These findings are especially relevant during the ages of 12 to 36 months, when normally hearing children achieve the greatest growth in the PIHF measure. After 36 months of age (chronological age and language age for the NH group) the proportion of informativeheuristic functions used in conversations in this play setting remains constant. In future studies, a closer look at this development in normally hearing children, including examination of the interaction of communication modality (speech, gesture, vocalization) and communicative function emergence may provide clues to the normal process of acquisition of the more mature functions. Observation at closely spaced age intervals will be necessary to capture the rapid development seen in normally hearing children between the ages of 18 and 36 months.
The children with profound hearing loss show a more uneven pattern of development across chronological age than their normally hearing age-mates. This finding may also be exacerbated by the narrower age range of the normally hearing group at each measurement age. The growth curve for the children with hearing loss does not reach a point of asymptote at the ages examined in this study. Another difference between the two groups is in the distribution of communicative functions used. There is a more even distribution of categories used by the children with hearing loss, a fact that is also reflected in the informative-heuristic variable (PIHF).
Children with hearing loss learning spoken language do exhibit the same relationship among the language variables that is observed in hearing children within the span of language ages from 12 to 36 months. At these language ages, the variables of communication rate, breadth of vocabulary, and ability to combine words are important predictors of maturity of language use. There were a number of children with profound hearing loss in this study whose language ages were below 15 months and who did not demonstrate the use of any informative-heuristic functions at all. Since all of the normally hearing children in this study had a language age of 12 months or above, there is no normally hearing comparison available. At the other end of the maturity continuum, there was only one child with a hearing loss who had a language age above 36 months; therefore, knowledge of whether most children with hearing losses would increase to a comparable proportion of informative-heuristic functions at the older language ages remains for future study with children of higher language levels.
It is likely that the presence of more mature communicative functions (Statements, Responses, Questions) is the result, rather than the cause, of more mature language skills. Children with profound hearing loss, particularly those in special education programs as these children were, often learn language through structured experiences and imitation of an adult model. This approach has occasionally been criticized as neglecting more functional use of language. Nevertheless, these results document that when linguistic improvements such as increasing vocabulary size and sentence length occur in oral deaf children, they are used for appropriate and informative social purposes.
The PIHF has proven itself to be a respectable measure of pragmatic maturity. Its use in future studies of communicative function in children with hearing loss will allow the tracking of development of important pragmatic skills. For example, it will be necessary to validate these results with a longitudinal study of informative-heuristic functions to confirm that the pattern of development suggested in these cross-sectional findings indeed corresponds to the pattern of development exhibited by individual children. Additionally, a study of children with profound hearing loss who are learning language via simultaneous communication (sign and speech) may reveal whether the addition of the sign modality contributes to earlier acquisition of the more mature communicative functions.
Finally, it may be interesting to see whether children with profound hearing loss who have received a cochlear implant at a young age are expanding their communicative function repertoire along with expanding their language skills in other areas. Since there is a positive association between hearing level and vocabulary (Boothroyd, Geers, & Moog, 1991) it is anticipated that the large cohort of young children now receiving cochlear implants at young ages in combination with intensive language instruction will be exhibiting larger vocabularies at earlier ages than the children in the present study. The few children in the present study who had cochlear implants were all very recent recipients of their device. Previous work suggests that gains in speech perception, language, and communicative function performance can not be expected with the first year of implant use (Geers & Moog, 1994; Nicholas, 1994) . However, after 2 to 3 years of use, children with implants have demonstrated better speech perception and faster language acquisition (Geers & Moog, 1994; Miyamoto, Robbins, & Svirsky, 1997) . It may be that the acquisition of informative-heuristic functions at earlier ages will be a natural result of these advancements.
Directive includes CAs used to direct the parent's attention or action. For example, a child points and says "look!" to get the parent to look in a particular direction, or he or she hands an object to the parent while saying "open" to get the parent to open a box. The child could point at a picture on the wall and vocalize while looking at the parent. Alternatively, the child could reach for a toy with a repetitive open-close hand gesture while making eye contact with the mother.
Marking comprises CAs used to mark a variety of events. Usually these markings are exclamations such as "oh," "ow," and "uh-oh" to mark attentiveness, emotion, and an event, respectively, or it could be a short phrase such as "thank you." Nonverbal examples might include the child nodding his or her head while looking at her parent after the parent has praised the child or the child's excited vocalization with eye contact after watching a pop-up toy perform its action. Acknowledgment of an utterance by another person, such as agreement or disagreement with a statement was coded as a marking.
Statement indicates CAs describing a past or present activity-"I'm cooking"; an object-"It's big"; an event-"It popped up"; or a desire-"I want a new truck for my birthday." Nonverbal examples might include the child gesturing that something fell off of the table or gesturing to describe the size of an object. Response indicates that the CA was made in response to a parent's question, including implied questions. As with all function categories, these can be verbal or nonverbal. An example of a nonverbal response would be the child's point to a specific puzzle piece directly after a parent query.
Performance includes the announcement of pretend roles such as "You be Spiderman, and I'll be Venom"; the performance of a social routine such as "Please," when prompted by the parent; counting; and self-initiated reading, reciting, or singing. A nonverbal example might be the case in which a child holds up one finger, then two fingers, then three, as he or she counts beans.
Question comprises requests for information. Examples: "When are we going home?"; asking permission, "Can I play with it?"; or clarification, "huh?" Credit would also be given for nonverbal seeking of information, such as a child shrugging shoulders and holding hands up and out in a "where?" gesture, vocalizing with a rising tone, looking around and then at parent with a quizzical expression.
Commitment includes future statements such as the announcement of intention, "I'm going to play with the puppet next"; a promise, "I promise to make my bed"; or a conditional statement, "If it rains, we can't play outside." Appendix A (page 1 of 2).
